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Temporal and spatial variation of annual mean air
temperature in arid and semiarid region in northwest
China over a recent 46 year period
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Abstract: We analyzed the 1961–2006 mean surface air temperature data of 138 stations in China’s
northwest arid and semi-arid areas (CNASA), to measure climate change in terms of annual mean air
temperature changes. We used methods of linear regression analysis, multinomial fitting, Empirical Orthogonal Function (EOF), Rotated Empirical Orthogonal Function (REOF), Mann-Kendall, Glide
T-examination, wavelet analysis and power spectrum analysis. The results show that (1) the warming rate
of the annual mean air temperature in CNASA was 0.35ºC/10a during the 1961–2006 study period. Some
places in the west part of Xinjiang and east part of the Qinghai plateau, which is impacted by the terrain of
leeward slope, exhibit smaller increasing trends. However, the majority of region has shown distinct
warming in line with general global warming; (2) The standard deviation of the annual mean temperature
distribution is non-uniform. The south Xinjiang and east Qinghai–south Gansu areas show relatively small
standard deviations, but the inter-annual variation in annual mean air temperature in the greater part of the
region is high; (3) Inner Mongolia, Shaanxi, Gansu, Ningxia and Tarim Basin are the areas where the
temperature changes are most sensitive to the environment. The degree of uniformity in annual mean air
temperature increase is higher in the arid and semi-arid area. From the early 1970s, the trend in temperature changed from a decrease to an increase, and there was a marked increase in mean temperature in
1986. After that mean temperature went through a period of rapid increase. The entire area’s 10 hottest
years all occurred in or since the 1990s, and 90% of various sub-districts’ hottest years also occurred after
1990. The process of temperature change appears to have a roughly 5-year and a 10-year cycle; (4) Annual mean air temperature variation has regional differences. In Inner Mongolia–Xinjiang and Shaanxi–
Gansu–Ningxia–Qinghai areas, the temperature variation in their northern areas was very different from
that in their southern areas; (5) Using the REOF method we divided the region into 4 sub-regions: the
Northern region, the Plateau region, the Southern Xinjiang region and the Eastern region. The region’s
annual mean air temperature transition has regional differences. The Plateau and Southern Xinjiang regions got warmer steadily without any obvious acceleration in the rate of warming. The Northern region’s
warming started about 5-years earlier than that of the low latitude Eastern region. The ‘Startup region’ of
the Qinghai-Tibet Plateau, appears to undergo temperature changes 3 to 10 years earlier than the other
regions, and exhibits inter-decadal variations 1 to 2 years ahead of the other regions.
Keywords: northwest area of China; annual mean air temperature; climatic warming

1 Introduction
With increasingly obvious global warming, the global
environmental problems associated with climate
change have attracted more and more attention of the
scientific community, governments and the public.
The fourth IPCC appraisal report indicates that the

global mean air temperature has risen 0.74ºC over the
hundred years 1906–2005, the linear gradient in the
recent 50 years is 0.13ºC/10a, 11 of the warmest 12
years since the year 1850 occurred between 1995 and
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2006 (IPCC, 2007). By estimate global warming will
continue in the 21st century, due to the release of
many kinds of greenhouse gases into the atmosphere.
It can be predicted that the average warming of the
Earth’s surface is 1.1ºC to 6.4ºC. Similar to the warming of the Earth’s surface, the air temperature in China
has shown a remarkable tendency to rise in recent
years. The mean surface air temperature in the whole
of China rose 0.79ºC in the last 100 years, with a
warming rate of about 0.08ºC/10a. The mean air temperature rise in northwest China has been a little
higher than the global average value for the corresponding period (Tang and Ren, 2005; Ding et al.,
2007; Qin et al., 2007). The rising amplitude of the
average surface air temperature in China is about
1.1ºC, with a warming rate close to 0.22ºC/10a. This is
remarkably higher than the global or hemisphere average warming rate over the same period (Ding et al.,
2004; Ren et al., 2005). There are many researches on
surface air temperature variation, which use different
methods to prove climate warming is occurring (Tu et
al., 2000; Chen and Liu, 2002; Ma et al., 2003; Cheng
and Wang, 2004; Qian et al., 2004; Wang et al., 2004a;
Wang et al., 2004b; Wang and Fang, 2004; Xu and
Wei, 2004; Yuan and Mu, 2004; Zuo et al., 2004; Ding
et al., 2005). The east monsoonal area, the arid and
semiarid northwest region and the Qinghai-Tibet Plateau in the southwest form the different regional climatic characteristic in China and account for the complexity and differences in regional response to global
climatic change. There has been much research on
surface air temperature variation in the northwest arid
region. Li et al. (2005) used air temperature data in
January in the years 1961 to 1997 to analyze the spatial and temporal variations of annual mean air temperature in arid and semiarid areas in China and
Mongolia. It was identified that the air temperature
rose remarkably in winter in the region, and that the
centre of the warming is distributed in the
Linhe–Fuyun and Guaizi Lake area of the border area
between China and Mongolia. Here the recent, average rising amplitude is more than 2.5ºC over a 20 year
period. The year 1977 was the pivotal year of turning
warm from cold. There is a 3–4 year cycle of annual
mean air temperature in most of the areas in the region,
there is even an 8 year cycle in some areas. Shi et al.
(2003) indicate that the climate in the northwest is
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transforming from warm and dry to warm and wet.
Ren et al. (2006) using data over period 1961 to 2000
to research the tendency of climate variation in the
northwest in recent 40 years, considered that annual
mean air temperature in this arid area was an upward
trend of 0.22ºC/10a, but the air temperature rose
markedly after the year 1986. The arid and semiarid
region in northwest China discussed in this article is a
westerly climatic region separating from the east
monsoon area. Using the surface observational data
over the recent 46 years, we have concentrated particularly on the analysis of climatic warming characteristics such as air temperature transition, point of
change and warmer years in the region, rather than
repeating the existing research work in terms of data,
area, methods and priorities. We offer a rational analysis of our conclusions, to provide recommendations
for a regional response to climate warming in the arid
and semiarid northwest region.

2 Data and methods
2.1 Data
We used data from the China Meteorological Administration, Meteorological Information Center for surface monthly mean air temperature over the year
1961–2006 from 138 stations in the arid and semiarid
region in northwest China (73.5°E–111.8°E, 31.5°N–
49.3°N), including western Shaanxi, middle and western Inner Mongolia, Xinjiang, Qinghai and Gansu,
which have integrated data (Fig. 1).

Fig. 1 Stations selected and the four climatic subregions of the
annual average temperature within China northwest arid and
semi-arid area (CNASA)
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2.1 Methods
2.1.1

Linear regression analysis

We used the following equation for the climatic factor
as a function of time t:
y=at+b,
(1)
where a and b are empirical constants calculated by
least squares method using the observational data. The
‘a’ denotes slope of linear function, with plus and
minus values reflecting an uptrend or downtrend of y.
The magnitude of ‘a’ values reflect the velocity of
upward or downward change over time (t), that is,
linear tendency in inter-annual variability of the climatic element. After calculating linear regression ‘a’,
we tested correlation coefficient r between time t and
variant y; if r values were significant, we considered
the tendency to have statistical meaning, among them,
r0.05=0.291, r0.01=0.376, r0.001=0.470.
2.1.2

Cubic polynomial curvilinear fitting

We used the following Cubic function to express the
climatic element as a non-linear function of time t:
(2)
y=b0 + b1t + b2t2 + b3t3,
where b0, b1, b2 and b3 are empirical constant, calculated from observational data using least squares
method. Short term climatic change (from several
years to a dozen years scale) could be well reflected
by Cubic function fitting curve (Wang, 1994)，and
according to interim extreme values from the Cubic
function, we could analyze the transformation character of element change qualitatively. A minimum value
would correspond to the time when the element value
turned from descending to ascending; a maximum
value would correspond to the element value turning
from ascending to descending.

2.1.3
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Abrupt climatic change analysis

Mann-Kendall method (Fu and Wang, 1992) and Glide
T-examination method were used for the analysis of
abrupt climatic change.
2.1.4

Periodic analysis

MHAT wavelet (Lin and Deng, 1999; Stephane and
Wen, 1992; Chen and Sun, 2006) and power spectrum
were used for periodic analyses (Huang, 2000). In order to objectively and quantitatively analyze distribution and change characteristics of air temperature in
the region using EOF and REOF methods (Li et al.,
1997; Chen and Dong, 2006), we zoned the normalization annual mean air temperature data in the western
arid and semiarid region.

3 Results and discussion
3.1 Annual mean air temperature and its change
characteristics
3.1.1

Inter-annual change of annual mean air temperature

In Fig. 2a of spatial distribution of linear regression of
annual mean air temperature we can find that during
the years 1961–2006, there is a general uptrend of annual mean air temperature in arid and semiarid region
in northwest China. The average air temperature
warming rate across the whole region was 0.35ºC/10a,
with 95% of the stations showing significantly increased temperatures. The place that recorded the
highest warming was Mangya in the Qaidam basin,
the warming rate of which is 0.92ºC/10a. The places
that recorded the second highest warming were Linhe
in Inner Mongolia and Qijiaojing in Xinjiang, whose

Fig. 2 The distribution of incalescence rate/10a (a) and remarkably incalescence areas (b) of long-term variation for annual average
temperature in CNASA
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warming rate was 0.70ºC/10a. Places where air temperature didn’t increase significantly were mainly distributed in Altai, Urumqi, Yutian, Bayanbuluke, Alarcon and Kuche of Xinjiang, and Xining on the Eastern
Qinghai plateau. The warming rate was generally
0.06–0.16 ºC/10a (Fig. 2b). There was even a downtrend in Kuche in Xinjiang, although it was not significant.
The atmospheric circulation anomaly is the most
direct factor which influences air temperature anomalies. According to the Eurasian westerly circulation
index and characteristic subtropical high over the
Western Pacific since the 1980s, the 500 hPa
mid-latitude meridional circulation is weak, zonal circulation is strong, and subtropical highs entered a persistently strong period at the same time. Those conditions led to decreased southward movement of cold air
and increased air temperatures in most areas of China.
The local non-apparent temperature ascend or descend
in Xinjiang may be related to topography.
Western Xinjiang is ringed by a series of high mountains. The central range is the lofty Tianshan Mountians, which will produce downdrafts when the west
wind negotiates the mountains, then warming by
forming fohn effect at the eastern end of the mountains.

The stronger the west wind is, the stronger the subsidence warming is (Tang et al., 1988). We chose the 3
stations of Bayanbuluke, Alaer and Kuche in the inapparent warming and cooling region, calculated the
regional average air temperature, compared and analyzed the sequence with the Asia zonal circulation index (Fig. 3), and then we can see in the Fig. 3 that the
vibration tendency of them are basically the same,
correlation coefficient is 0.522, it is more than a confidence degree level of 99%. In the 1960s, the west
wind is stronger, so the lee subsidence is stronger,
causing the raise of air temperature. During the 1970s
to the 1980s lee subsidence weakened with the reduction of west wind, it causes the fall of air temperature.
After the later period of 1980s, air temperature increased as the west wind strengthened.
An EOF analysis was performed on the air temperature field of 138 stations in the region over a 46
year period. The accumulative variance contribution
rate of the first 10 spatial components or load vectors
(LV) was found to be 94.09% of the total variance.
The first 2 of the 10 contribute 79.96% of the total
variance (Table 1), which indicates that the EOF convergent velocity of the annual mean air temperature is
faster in the western arid and semiarid region. Using
the empirical criterion of North et al. (1982), we could
adequately explain the main features of the spatio-temporal variation of air temperature in the region
by reference to only the first 2 load vectors (LV1−LV2)
and the corresponding temporal components or principal components (PC1−PC2).
The variance contribution rate of the first spatial
type reached 68.50%, and basically summarized the
main information of the air temperature field (Table 1).
On the load vector diagram, load value of a certain
point indicates the degree of correlation between air
temperature of the point and the corresponding principal components sequence. If the absolute value of
the load value of the point is bigger, air temperature of

Fig. 3 The inter-annual variation of Xinjiang partial annual mean
temperature and Asian zonal circulation index
Table 1
CNASA
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Variance contribution rates (%) of the principal components of EOF and REOF analyses of annual mean temperature over
1

2

3

4

5

6

7

8

9

10

EOF analysis

68.50

11.46

3.94

2.61

2.13

1.69

1.21

1.07

0.77

0.72

PC cumulative contribution rate

68.50

79.96

83.90

86.51

88.64

90.33

91.54

92.60

93.37

94.09

REOF analysis

28.62

24.75

13.54

13.30

5.54

2.95

1.72

1.40

1.38

0.86

RPC cumulative contribution rate

28.62

53.37

66.91

80.22

85.75

88.70

90.43

91.83

93.20

94.07
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Fig. 4
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The LV1 (a), its PC1 (b) and M-K check curve chart (c) and wavelet (d) of annual average temperature in CNASA

the point is easily becoming warmer or cooler; the
variation is more sensitive and vice versa. Figure 4
shows the first load vector LV1. There are consistent
positive values over the whole region, and the load
values of 98% of stations are between 0.38 and 0.98
(α=0.01). There is positive correlation over the whole
region, especially for the Inner Mongolia, Shaanxi,
Gansu, Ningxia and Tarim Basin, where there is the
biggest correlation coefficient, between 0.85 and 0.98.
In these regions air temperature change has been the
greatest, whether warming or cooling.
The correlation coefficient of the first-order linear
tendency of PC1 temporal curve (Fig. 4b) was 0.752,
which reflects a remarkable extreme warming tendency in the northwest in winter. The correlation coefficient between PC1 and the Cubic polynomial curve
fitting function was 0.813 (α<0.001). From this it
represents that the Cubic function has ability to a
varying trend of the original sequence. The Cubic
function of PC1 was at a minimum in the early 1970s,
showing that the cooling to warming transition happened in the early 1970s in the western arid and semiarid region.
LV1 showed positive load values over the whole
region, the peak or valley value on the corresponding
PC1 temporal sequence curve is the warmer or cooler

year. In order, the years 2006, 1998, 1999, 2002, 2004,
2001, 1997, 2005, 2000, and 1990 were the 10 warmest years over the whole region in the past 46 years,
which all appeared since 1990. While, in order, the
years 1967, 1984, 1976, 1970, 1969, 1968, 1974, 1964,
1962, and 1975 were the 10 coolest years in turn over
the whole region in the past 46 years.
Judging from the M–K curve graph (Fig. 4c) and
Glide T-examination combined with Fig. 3b, the annual mean air temperature in the northwest arid and
semiarid region represent a conspicuous warming
tendency, with the air temperature showing an increasing tendency since 1969. There has been an
abrupt change in 1986, since when the air temperature
has increased through an exceptional warming period.
On the corresponding wavelet analysis (Fig. 4d),
the quasi 5-year and 10-year cycles are both striking
(α<0.05). Judging from changes in the inter-annual
variations between one 10-year period and the next,
the amplitude of air temperature variation increases
over time. Between increasing amplitude towards the
warmer phase, there are 5 periods of lower air temperature phase: 1966–1970, 1974–1977, 1983–1986,
1992–1996, and 2002–2004. There are 5 periods of
higher air temperature: 1961–1965, 1971–1974,
1978–1982, 1987–1991 and 1997–2001. We are in one
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of the higher period in 2010. Judging from more than
15 years of climatic change, the tendency of the air
temperature is at higher lever.
3.1.2

Standard deviation of annual mean air temperature

The standard deviation of air temperature in the region
is generally between 0.5ºC and 1.4ºC. The largest values, above 0.8 ºC, appear in the northern Xinjiang,
eastern section of the Tianshan Mountains, western
Qinghai and Inner Mongolia. In these areas year-toyear variations in air temperature are unstable. The
lower values, less than 0.6°C, appear in the southern
Xinjiang, eastern Qinghai, and southern Gansu. Here
year-to-year variation of air temperature is relative
stable.
3.2

Spatial difference of annual mean air temperature in arid and semiarid region

The contribution of the rate of variance of the second
spatial type LV2 of annual mean air temperature deviation was 11.46%. The main character of spatial distribution of LV2 (Fig. 5a) is that the zero line (thick
black line) representing a general southwest-northeast
direction from the north of Qinghai-Tibet Plateau to
the northern part of Inner Mongolia. LV2 has negative
values in Xinjiang and Inner Mongolia, and positive
values in Shaanxi, Gansu, Ningxia and Qinghai. Thus,
in the northwest of the region air temperature anomaly
and the PC2 sequence have a negative correlation,
whereas they have a positive correlation in the southeast; air temperature variation in the northwest and
southeast shows opposite tendencies. PC2 has no significant uptrend (Fig. 5b), but the correlation coefficient between PC2 and its Cubic function shows a significance of α=0.01 (R2 = 0.396). The values for Cubic

Fig. 5
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function for the years 1969–1981 and 1998–2006 are
positive, whereas the values for 1961–1965 and
1985–1997 are negative. It shows that 1961–1965 and
1985–1997 were years of high temperatures in Inner
Mongolia–Xinjiang area and mainly low temperatures
in the Shaanxi–Gansu–Ningxia–Qinghai area, while
the years 1969–1981 and 1998–2006 showed the opposite, with low temperatures in the Inner Mongolia–Xinjiang area and mainly higher temperatures in
the Shaanxi–Gansu–Ningxia–Qinghai area.
3.3 REOF analysis of annual mean air temperature in arid and semiarid region
We analyzed element anomaly and areal sensitivity to
change using REOF. To further determine details of
anomaly partition of annual mean air temperature and
to provide an objective basis for climatic partitioning
in the region, we undertook a REOF analysis on the
first 10 LV components on the basis of the earlier EOF
analysis. The cumulative contribution variance of the
first 4 components in the REOF analysis totaled
80.22% (Table 1). The contribution to the variance of
the fifth component fell sharply to 5.54%, and after
that each component was less than 3%. So we chose
the first four fields of rotation load vectors for analysis
to obtain four major spatial anomaly regions for annual mean air temperature (Fig. 6).
3.3.1

Air temperature anomaly partitioning

In the first anomaly region RLV1 (Fig. 6a) has mainly
negative values, which account for 28.62％ of the
total variance. The area of the highest values mainly
includes Inner Mongolia, northern Ningxia, western
Gansu and northern Xinjiang, the centre of which is at
Altai in Xinjiang (47º44′N, 88º05′E), with a maximum

The LV2 (a) and PC2 (b) of annual average temperature in CNASA
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Fig. 6 The first 4 loading vectors (a–d) and their corresponding representative stations (e–h) of annual average temperature REOF in
CNASA. Shaded part means areas which RLV>0.6.

absolute value RLV of −0.95. This indicates that these
are the most sensitive areas of air temperature anomaly in arid and semiarid region, which we called the
Northern region.
The second anomaly region RLV2 (Fig. 6b) shows

mainly positive values, which account for 25.75% of
the total variance. This area with RLV>0.6 values
mainly includes Qinghai plateau, with the largest
value at Dari in Qinghai (33º45′N, 99º39′E)，where the
RLV value is 0.95. This is the secondary sensitive area
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of air temperature anomaly in the arid and semiarid
region, which we call the Plateau region.
The third anomaly area RLV3 (Fig. 6c) has mainly
positive values, which account for 13.54% of the total
variance. This area with RLV>0.6 values is mainly in
southern Xinjiang. Here the largest value is in Shache
in Xinjiang (38º26′N, 77º16′E), with an RLV value of
0.85. We called this Southern Xinjiang region.
The fourth anomaly region RLV4 (Fig. 6d) shows
mainly positive values, and accounts for 13.30% of the
total variance. This area with RLV>0.6 is mainly in
western Shaanxi–Longnan, with the largest value at
Changwu in Shaanxi (35º12′N, 107º48′E), where the
RLV value is 0.79. We called this the Eastern region.
According to the related degree of air temperature
anomaly in northwest arid and semiarid region and the
range of 0.55 isopleths of the first 4 RLVs (Fig. 5a–d),
we divided the region into 4 sub-regions (Fig. 1) and
called them Northern region, Plateau region, Southern
Xinjiang region and Eastern region respectively; they
can also be abbreviated to RegionsⅠ,Ⅱ, Ⅱ and Ⅱ.
3.3.2

Temporal change of air temperature anomaly
in each region

The peak value stations of RLV1–RLV4 can be employed to represent the climatic characteristic in their
sub-regions, reflecting temporal change of air temperature in each of these abnormal regions. We analyzed the temporal change of air temperature anomaly
in each region according to the normalization sequence of air temperature in the representative stations
(Fig. 6e–h).
(1) Transformation characteristic We analyzed
the transition of air temperature change in each region
based on the plots of the Cubic curve. The annual
mean air temperature of the Northern region showed
an uptrend from the mid 1970s but this changed to a
downtrend in the late 1990s. The air temperature increased monotonously in the Plateau region and
Southern Xinjiang region, starting with a gentle trend
in the 1970s and 1980s, but increasing sharply after
the 1990s. Annual mean air temperature decreased in
the Eastern region from the early 1960s to the early
1980s and increased since then. It can be seen that
there are sub-regional differences in changes to annual
mean air temperature in western arid and semiarid
region. The air temperature has increased monoto-
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nously without any obvious sign of slowing in the
Plateau region and Southern Xinjiang region; the
temperature increases in the Northern region started
roughly 5 years earlier than in the lower-latitude Eastern region.
(2) Characteristic of the warmer or cooler years
The World Meteorological Office (WMO) uses the
criterion that the measured deviation has to be larger
than, or equal to, 2 times the standard deviation to be
classified as a climate anomaly. By that standard deviations that we have calculated of between 1.5 and
1.9 times the standard deviation approximate to climate anomaly. We have chosen the value of 1.5 times
the standard deviation from air temperature curves for
each of the representative stations (Altai, Dari, Shache
and Changwu) to indicate abnormal warmer or cooler
years in each sub-region (Table 2). For example, in the
Northern region the order of the first 3 years with the
most obviously warmer temperatures is 1997, 1982,
and 1962; the order of the first 3 most obviously
cooler years is 1969, 1984, and 1966. Representative
years for the four sub-regions are shown in Table 2 for
the details. Note than 86% of the warmest years have
occurred since 1990.
Table 2 Years with most obvious annual mean air temperature
anomaly over sub-regions of the CNASA
Sub-region
Northern region

Plateau region
Southern
Xinjiang region
Eastern region

Anomalous form

Year

hot

1997, 1982, 1962

cool

1969, 1984, 1966

hot

2006, 2003, 1999, 2005, 1998

cool

1965, 1997, 1971

hot

2004, 2006, 2001

cool

1967, 1974, 1962, 1996

hot

2006, 1998, 1999

cool

1984, 1967, 1976

(3) Change characteristic Changes were assessed using the M-K test and Glide T-examination of
Figs. 6e–h. The following results can obtained from
the analysis:
(ⅰ) 1969 had the lowest annual mean air temperature in 46 years in the Northern region, with air temperature increasing from 1970 and that change accelerating in 1987. Present air temperature is still part of
that period of increasing temperature.
(ⅱ) In the Plateau region air temperature was fluc-
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tuating increase and temperature change accelerated in
1984, beginning a strong warming period.
(ⅲ) In Southern Xinjiang region air temperature
was fluctuating increase, particularly from 1977 and
temperature change accelerated in 1996, commencing
a strong warming period.
(ⅳ) Air temperature in 1984 was the lowest in the
Eastern region. It increased from 1985 and temperature change accelerated in 1994. It can be seen that
rapid change in annual mean air temperature starts
from the plateau. The order is Plateau region > Northern region > Eastern region > Southern Xinjiang region. Rapid temperature change in other regions was
3–10 years later than the Plateau region.
(4) Inter-decadal variations As early as 1980,
comparative analysis of climatic change in the Qinghai-Tibet Plateau, Qilian Mountains and east of China
first proposed that the Qinghai-Tibet Plateau might be
the ‘Startup region’ of climate change in China (Tang
et al., 1984). Since then the concept of ‘Startup region’ has been further recognized (Feng et al., 1998).
There is a school of thought that decade scale temperature waves propagate from the Qinghai-Tibet Plateau to east and north, and 4–8 years later in eastern
China than in the southeastern plateau. Year-to-year
analysis of change and correlation with delays in
change of air temperature on the Qinghai plateau and
other regions in the west will reveal whether and how
long this priming effect still exists. Using air temperature wavelet exploded views of each representative
station (figures not shown), we analyzed the wave
peak change of a moving scale of up to 10 years duration. All results showed that air temperature changed
in other regions in the northwest is 1–2 years later than
in plateau region. In addition, calculated correlation
coefficients of air temperature sequence in each
sub-region were 1–10 years delayed compared to plateau-representative stations (Fig. 7). It can be seen that
the maximum correlation coefficient is obtained on a
1-year lag between the Northern region, Southern
Xinjiang region and the Plateau region, which are 0.38
and 0.36 respectively; the maximum correlation coefficient of 0.33 is obtained on a 6-year lag between the
Eastern region and the Plateau region. All these correlations have significance > 95%.
Whether assessed by temperature change characteristics or inter-decadal variations, air temperature

95

change in the Plateau region occurs ahead of the other
regions, which supports the concept of the Plateau
region as a ‘Startup region’ of climatic change.

Fig. 7 Lag correlation coefficient of annual mean temperature of
Qinghai plateau and other area representative station

4 Conclusion
(1) The warming rate of the annual mean air temperature is 0.35ºC/10 years in the arid and semi-arid region
of northwest China in a recent 46 year period
(1961–2006). Air temperature has increased significantly in most of the region, responding synchronously to global warming. However, topography (high
terrain and leeward slopes) has influenced some areas,
and part of Xinjiang and the eastern Qinghai plateau
have shown no significant upward trend in annual
mean air temperature. Kuche in Xinjiang has shown a
local, non-significant downward trend in temperature.
(2) Relative variability and standard deviation of the
annual mean air temperature show differences and
uneven distribution across the region. Except for relatively small areas in Southern Xinjiang and the Haidong–Longnan area, annual mean air temperature is
quite variable from year to year in most of the remaining parts of the arid and semi-arid region.
(3) Inner Mongolia, Shaanxi, Gansu, Ningxia and
the Tarim Basin are the most sensitive areas to temperature change in the region. The evolution of annual
mean air temperature in arid and semi-arid region has
high level of consistency. A transformation from
cooling to heating up has occurred since the early
1970s, with the air temperature showing a significant
increase in change in 1986 which commenced a significant warming period. The region’s 10 warmest
years all occurred in or after the 1990s; most of the
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abnormal warmer years in each sub-region appeared
after the 1990s; the changes to air temperature exhibit
5-year and 10-year cycles. According to observations
of the levels of change, the trend in air temperature is
still upward.
(4) Sub-regional differences exist in changes in the
annual mean air temperature. In some years the variation in temperature in the Inner Mongolia–Xinjiang
area was opposite that in the Shaanxi–Gansu–
Ningxia–Qinghai area. In 1961–1965 and 1985–1997
air temperatures were higher in the Inner Mongolia–Xinjiang area and mainly lower in the Shaanxi–
Gansu–Ningxia–Qinghai area, while in 1969–1981
and 1998–2006 conditions were reversed, with lower
temperatures in the Inner Mongolia–Xinjiang area and
mainly higher temperatures in the Shaanxi–Gansu–
Ningxia–Qinghai area.
(5) According to the REOF analysis, the annual
mean air temperature anomalies in the region can be
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divided into 4 sub-regions: the Northern region, Plateau region, Southern Xinjiang region and Eastern
region. These regions exhibit differences in the timing
of their turning points in annual mean air temperature.
Air temperature increased monotonously in the Plateau region and Southern Xinjiang region and has no
obvious turning point, while a turning from cooler to
warmer temperatures is obvious in the Northern region,
and occurred 5 years earlier than in the lower-latitude
Eastern region.
The ‘Startup region’ of the Qinghai-Tibet Plateau,
appears to undergo temperature changes 3 to 10 years
earlier than the other regions, and exhibits inter-decadal variations 1 to 2 years ahead of the other
regions.
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